X-Ray crystal structure of compound

Crystallographic data collection and refinement of 6l
The compound 6l was crystallized from solvent evaporation solution growth technique. Block type single crystals suitable for X-ray diffraction were chosen from the grown sample. The crystallographic data collection, using the X-ray with wavelength of 0.71073 Å, was collected at room temperature with MoK  radiation using Bruker AXS KAPPA APEX-2 diffractometer equipped with graphite monochromator [1] . The structure was solved by direct methods and refined by full-matrix least-squares calculations using SHELXL-2014 [2] . All the H atoms were placed geometrically calculated bond distances, viz., -NH = 0.86 Å, -CH = 0.93 Å (for aromatic), -CH = 0.96 Å (for -CH 3 ), -CH = 0.97 Å (for -CH 2 ) and -CH = 0.98 Å (for aliphatic) constrained to ride on the concerned parent atom with U iso (H) = 1.2 or 1.5 U eq (parent atom). The crystallographic data, details of data collection and the structure refinement are presented in Table 1 . The ORTEP view of the molecules drawn at 50% probability thermal displacement ellipsoids with the atom numbering scheme is shown in Fig. 1 [3] . 
General Methods
All chemicals and reagents were purchased from Sigma Aldrich and were used as such. Commercial grade solvents were distilled according to literature procedure. IR Spectra were recorded on JASCO FT IR 4100 spectrometer using KBr disc and the absorption frequencies quoted in reciprocal centimeters. 1H and 13 C NMR spectra were recorded on Bruker advance (400 MHz for 1 H and 100 MHz for 13 C) DMSO-d 6 solvents. The reaction courses were monitored by TLC on silica gel precoated F254 Merck plates. Chemical shifts are reported in δ values (ppm) downfield from tetramethylsilane and coupling constants are reported in Hertz (Hz). The following abbreviations are used: singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m). Elemental analyses were performed on a Perkin Elmer 2400 series II Elemental CHNS analyzer. Mass spectra were obtained on a HR mass spectrometer.
General procedure for synthesis of (E)-3-arylidene-2,3-dihydro-8-nitro-4-quinolone (3a-d)
An equimolar mixture of 2,3-dihydro-8-nitro-4-quinolone 1 (1 mmol) and the appropriate aldehydes 2a-d (1 mmol) was dissolved in 15 ml of ethanol, 5 drops of pyrrolidine base were added and stirred at room temperature for 50 min. The solid formed in the reaction mixture was separated by filtration, dried, and recrystallized from the mixture of chloroform/ethanol (1:1) to obtain the pure product 3a-d in good yields (89-95%).
General procedure for the synthesis of dispiro 8-nitroquinolone analogues 6a-l
A mixture of Benzylamine 4 (1.2 mmol) and isatin 5 (1 mmol), were refluxed for 10 minutes after that the (E)-3-arylidene-2,3-dihydro-8-nitro-4-quinolone (1 mmol) 3a-d was added slowly to the mixture then the reaction refluxed for 2 -2.5 hours.. The reaction was monitor by TLC after completion of the reaction the reaction mixture was cooled to room temperature, the solid separated by filtration, dried and recrystallized from the mixture of methanol/ dimethylformamide (3:1) to obtain the pure products 6a-l in good yields (90-96%). Spectral data for all the compounds were given below. 
5-Chloro
5-Fluro-4'-(4-bromophenyl)-8''-nitro-5'-phenyl-1'',2''-dihydro-4''H-dispiro[indoline-3,2'-pyrrolidine-3',3''-quinoline]-2,4''-dione 6j
5-Fluro-4'-(4-flurophenyl)-8''-nitro-5'-phenyl-1'',2''-dihydro-4''H-dispiro[indoline-3,2'-pyrrolidine-3',3''-quinoline]-2,4''-dione 6k
MTT Cytotoxicity Assay:
Cell survival was measured by the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay as previously described. Briefly, cells were seeded in 100 mL of growth medium at a density of 4000 cells/well in 96-well plates and allowed to establish for 24 h, at which time serially diluted compounds were added in an additional 100 mL of growth medium. Cells were then incubated for 72 h at 37ºC in humidified 5% CO 2 , at which time the growth media was drawn and replaced with MTT in IMDM growth media and incubated for 4 h. The MTT solution was then aspirated from the wells, 100 mL of acidified ethanol solution was added to each well, and after following a 15 min lysis step, cell viability was measured spectro photometrically by absorbance at 570 nm and background corrected at 690 nm. All MTT assays were performed three times in triplicate. IC 50 cytotoxicity values were determined as the drug concentration that reduced the absorbance to 50% of that in untreated control wells and derived from at least three separate experiments.
Cell Culture and Compounds Treatment:
HeLa cells (human cervical carcinoma cells) was procured from National Center for Cell Sciences (NCCS), Pune, India and were cultured in Dulbecco's modified Eagle's medium supplemented with L-glutamine (4 mM), penicillin (50 units mL-1), streptomycin (50 mg mL-1), and 10% (v/v) fetal bovine serum. Cells were maintained in 5% CO 2 humidified incubator at 37ºC. The stock solutions of compounds and were prepared in sterile phosphate buffered saline (PBS). Required volumes of IC 50 compounds were added to the cultures to obtain appropriate concentrations incubated for 24 h. DMEM was used to dilute the stock to required concentrations. After the treatment with compounds, cells were observed under a phase contrast microscope (Nikon ECLIPSE, TS100, Tokyo) to identify the morphological changes as compared to the non-treated cells.
Hemolysis Assay:
Hemolysis assay was performed as per the guidelines of research ethics and Bharathiar University, Department of Chemistry approved these human blood samples analysis. Informed consent was obtained from the human subject for analyzing the human blood samples. Fresh blood sample was obtained and diluted using physiological saline. Red blood cells (RBCs) were then isolated from the serum by centrifugation at 3000 rpm for 10 min. After careful washing three times, a suspension of RBCs was added into the compounds solution at systematically varied IC 50 concentrations and mixed completely. The mixture was incubated in a 5% CO 2 atmosphere at 37°C. After incubation, all suspensions were centrifuged at 3000 rpm for 5 min, and then photos were taken for each sample. The supernatant of each tube was transferred to a 96-well plate. The OD values of supernatants were measured with a microplate reader at 570 nm. The precipitation of each tube was used to make the cell smear to observe the morphological changes of the erythrocyte. The hemolysis ratio of RBCs was calculated using the following formula: Hemolysis (%) = (OD sample-OD negative control)/(OD positive control-OD negative control) x 100. Physiological saline (PBS) and distilled water were used as the negative and positive controls, respectively.
Determination of Intracellular ROS Generation:
The generation of ROS in compounds at IC 50 treated cells was determined by 2,7-dichlorofluorescein diacetate (DCFH-DA; SigmaAldrich, USA) staining. DCFH-DA is non-fluorescent and can diffuse into the cell through the plasma membrane where it is hydrolyzed to DCFH. Non-fluorescent DCFH is finally converted to green fluorescent dichlorofluorescein (DCF) upon intracellular oxidation. For this assay, Cells were seeded in a 6-well plate (2x10 5 cells/well) and were grown for 24 h. After 24 h of growth, the cells were treated with IC 50 concentrations of compounds for 3 h, harvested, and washed twice with PBS. Finally, the cells were resuspended in 1 mL of DMEM with 5 μM DCFH-DA and incubated for 10 min at 37°C. Stock 
DAPI Staining:
The Cells (1x10 5 cells/coverslip) were incubated with compounds at their IC 50 concentration, fixed in methanol:acetic acid (3:1 v/v) and stained with 5 μg/mL of DAPI for 20 min, and analysed for nuclear morphological changes using fluorescence microscope with excitation filter at 510-590 nm.
Flow cytometry and Western blot analysis
The flow cytometric detection of apoptosis in cancer cells, the cells were stained with Annexin V-FITC and propidium iodide (PI). In brief, the cells were pretreated with effective compound concentration. The treated cells were suspended in 200 µL of binding buffer, and the suspension was added with 10 µL of Annexin V-FITC and 5 µL of PI followed by incubation for 15 min in dark at room temperature. Subsequently, 300 µL of binding buffer was added to the cell suspension and the cells were analyzed by a flow cytometer (BD, FACS Calibur, USA). Cells undergoing early apoptosis bind only to Annexin V/FITC, while cells that are either in the late stages of apoptosis or already dead bind to both Annexin V/FITC and PI. All experiments detected at least 10.000 cells, and the data were analyzed with FCS Express V3.
Western blotting of the cells was treated with effective compound for the induction of apoptosis. Western blot analysis for expression of the caspase were incubated for 1h in 5% powdered non-fat milk in PBS (pH 7.4) with antibodies for 30 min in 5% non-fat dry milk with goat anti-mouse serum (1:2000) and visualized. Subsequently, Western blot analysis was performed for cell extracts after determining their protein content by Bradford assay. 50 μg protein samples were resolved by 12% SDS-polyacrylamide gel electrophoresis and then transferred to nitrocellulose membrane (Pall Corporation, USA). The membranes were immersed in blocking buffer (5% skim milk in PBS) for 1 h at room temperature and incubated overnight with primary antibodies. After normalization with the corresponding expression of β-actin, the protein expression was determined.
Statistical Analysis:
Statistical analysis was performed with the Statistical Program for Social Sciences software (SPSS). All data were expressed as means ± standard deviation, and a statistically significant difference was considered to be present at *p<0.05 as significant or **p<0.01 as highly significant. All assays were carried out in triplicates with three independent experiments. 
Spectral data
